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PREPARATION OF HUMAN MONOCLONAL ANTIBODIES 
OF SELECTED SPECIFICITY AND ISOTYPES 



BACKGROUND OF THE INVENTION 

The £irst process for producing monoclonal antibodies 
was demonstrated by Kohler and Milstein in 1975 ( Nature , 256: 
495-497 { 1975 ) } and involved the fusion of mouse myeloma cells 
to spleen cells from immunized mice. The resulting hybridomas 
produced large quantities of antigen-specific monoclcnal antibodies. 
The success of this method is largely due to the lack of any 
restriction to repeated immunization of animals and the ease 
in obtaining non-humcin spleen cells. 

Many variations of the Kohler- Milstein immTonology-revolu- 
tionizing. technique have been . disclosed . each attempting to 
improve the technique or to produce human monoclonal antibodies 
(see Patent Nos. 4,529,694; 4,550,086; 4,443,427; and 4,361,549). 
One method whij=h attempts to apply the Kohlsr-Milstein method 
to the production of human monoclonal antibodiBS is disclosed 
in Patent No. 4,608,337, relating to the production of human 
antatoodias by a hybridoma cell formed by fusing a human myeloma 
cell with a human B cell- 
Researchers have been faced with several problems in 
producing human monoclonal antibodies using the Kohlar- Milstein 
technique or a process similar to those described in the above- 
noted patents. First, in an animal system, enrichment of anti- 
body-producing cells is accomplished by hyperimmunizatiDn of 
an animal ( usually , a rabbit or mouse ) . Actively immuaUing 
humans with certain antigens is often impossible, especially 
with certain foreign or toicic antigens- 



Human spleens or spleen cells are most dif£icuit to obtain , 
and anijnai spleen cells are LLmited in their desirabllir/ for 
use in vivo in humans due to their animal or "foreign" heri- 
tage. 

Finally, all of the processes noted above use a myeloma 
call as a fusion partner for the immortalization of the B lympho- 
cytes. In the mouse system, fusion of human B lymphocytes 
with mouse myeloma cells causes segregatiDn of the human chromo- 
somes. In the human system, fusion of human B lymphocytes 
with human myeloma cells exhibits poor growth in culture , and 
the lack of good human ceUs for fusion partners [ myeloma cells ) , 
the low frequency of fusion events , and the relative paucity 
of circulating B lymphocytes with defined specificity (in humans, 
who can not be jjnmunized with certain antigens) have made 
the productiDn of human monoclonal antibodies most difficult. 

The present invention overcomes these problems in a 
relatively simple, two step in vitro procedure for producing 
human monoclonal antibodies from human 3 lymphocytes (or B 
cell isotypes), without an in vivo active immunization of humans, 
It overcomes the problem of hyperimmunization by taking advantage 
of the fact that immunoglobulin molecules with spedfio antigen 
binding are found on the surface of B lymphocytes 

present in the norm.al human repetoixe. Based on isotype and/or 
antigen specifijcity , these cells can be be isolated and enriched 
by fluorescence-activated cell sorting ( FACS ) . The present 
invention overcomes the problem of using spleen cells by employ- 
ing peripheral blood B lymphocytes , easily obtainable from 
human blood. The present inventlDn overcomes the problems 
associated with immortalization of B lymphocytes with myeloma 
r^nc by immortalizajig human peripheral lymphocytes by transfor- 
mation with a viriis, preferably Epstein-Barr Virus (EBV). 
Furthermore , the plating efficiency and stability of the EBV- 
transfcrmed cell lines can be increased by fusion with a human 
fusion pairtner. 
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One aspect of the present invention involves selecting 
3-lyTr.pnoc',tss w.-ch bind ^.o ^ predetermined. ?ur±fiBd --gen. 
and infecting the desired lymphocytes with Epstein-Barr Virus. 
The transformed (infected) lymphocytes, once cultured under 
5 certain conditions, produce human monoclonal antibodies to the 
predetermined antigen. 

Another aspect of the present invention involves selecting 
B lymphocytes bearing surface receptors to the Y , a , or u 
heavy chaxn isotype using isotype-specific antibody probes. 
10 The isotype specific ceUs are then amplified by transformatix=n 
with EBV, cultured under certain conditdr.ns , and cloned in order 
to produce ceil lines which produce human monoclonal antibodies 
of a predetermined cl^s (IgG. IgA, and IgM) and of the desired . 
Specificity . 

15 Another aspect of the present inventi£,n involves the inher- 

ent advantage of using human B cell^ - they can be obtained 
from subjects with ongoing patholxjgical processes (wherein the 
subject produces antibodies to a disease). These particular 
B celU. therefore, are specific for cells of a specific d^ease. 
20 Another aspect' of the present invention is the production 

of human monoclonal antibodies useful in therapeutic procedures. 
Human monoclonal antibodies are produced for the treatment 
of viral infections including, but not Umited to AIDS, rabies, 
and tetanus. Some of the human monoclonal antibodies of the 
25 present invention are useful in treating bacterial diseases, tumors, 
and immune modulations (wherein the human monoclonal antibodies 
are specific for subsets of human T-cells). 

Another aspect of the present invention is the production 
of human monoclonal antibodies useful in diagnostic protocols. 
30 It is well known to use monoclonal antibodies (of animal ongin) 
in imaging tumors, abscesses, and the like, and for use in 
diagnostic techniques such as positron emission topography. 
The human monoclonal antibodies of the present invention can 
be substituted for animal monoclonal antibodies, thus eliminating 
35 the need for administering a "foreign" reagent, and providing 
antibodies generated from a human's natural response. 
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Another aspect of the present invention is the production 
OE numan monocionaj. anr2.coGies zc tne ^-eu-i =uDser or 3 -yrr.pr.o— 
cytes , human autoantibodies also referred to as "natural" anti- 
bodies . 

5 Another aspect of the present invention is the production 

of human monoclonal antibodies to certain tumors using specific 
tumor-generated B cells. Patients with various autoimmune dis- 
eases and tumors may now be treated with human monoclonal 
antUbodiss generated from the tumor or disease ceUs themselves. 

10 Examples of tumors include , but are not limited to colon car- 
cinoma, lung cancer, and mammarian carcinoma. Examples of 
autoimmune diseases include, but are not .limited to Rheumatoid 
arthritis, systemic lupus erythematosus, thyroiditis, and insulin- 
dependent diabetes mellitus . 

13 Another aspect of the present inventioa is the production 

of. human monoclonal antibodies generated from B lym phocytes 
obtained from humans previously actively immunized with a 
foreign antigen. Examples of such antigens include, but are 
not limited to tetanus, mumps, and whooping cough. 

20 Another aspect of the present invention is the production 

of "poiyreactive'' hioman monoclonal antibodies . These antibodies 
are implicated in human autoimmunity, the scavenger system, 
and the natural defense system. Some of these antibodies 

have been described in Notkins , et al. , Ann . N . Y . Acad . Sd. , 

25 475:123-134 (1986) and Casali, et ai. , "In Multiple Specific 
Antibodies " , International Review s of Im munology , eds - H • Kohler 
and C. Bona, New York, Harwoou Academic Publishers (1987). 

Another aspect of the present invention is the production 
of anti-i d i ntypic antibodies ( anti-anti-antibod i pts ) useful diagnos- 

30 tlcally for identifying the same antibody in different individuals 
[ thus recognizing individuals with the same disease ) . See , 
for excunple, Uchigata, et al. , J. Immunol- , "Human- Monoclonal 
Mti] ti pie-organ Reactive AutoantiJbodies Distinguished by Mouse 
Monoclonal Anti-Idiotypic Antibodies : Expression of Idlotopes 

35 in Humans With and Without Autoimmune Diseases", in press. 
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B-Iymphocytes, represeaung 5-L5% of the cixcuiating lym- 
ohoid cool, -re rl^sxdv cafined by the presence of endcqenousiy 
oroduced Immunoglobulins they are an antibody-producing 

of lymphocytes involved m the immune system of humans 
and animals. When a -forexgn" substance enters the body, recep- 
tors (^munoglobulin moleculas ) specific for the foreign substance 
are expressed on the surface of B-lymphocytes as part of the 
normal immune response. B lymphocytes are therefore capable 
of making antibodies with a desired s pecifioity , i. e . , as a 
normal response to the antigen whioh has invaded the body. 

The key to the present invention makes use , in part , 
of the B lymphocyte's ability to axpress specific receptors 
for antigens. The key to the process, therefore, is the isolation 
of a B-lymphocyte bearing certain immunoglobulin molecules on 
its surface. In the present invent:Lon, 3-cells capable of making 
antibody with the desired specificity can be separated from 
irrelevant 3 cells by using the antigen in question as a probe, 
immunofluorescence ■ tests can be used to identify the probe after 
it binds to the B-lymphocytes. Accordingly, the antigen is 

fbaorescently tagged, incubated with B -cells , and put through 
a fluorescent activated cell sorter (FACS), a machine which 
measures the fluorescence intensity of each cell. The cells 
are then separated according to their particular fliiorescent 
brightness. Positively-selected cells (high fh^rescence) are 
23 then transformed with EBV and propagated in culture. 

Similarly, B lymphocytes bearing surface antigens of the 
a, or u heavy chain isotype can be delated by FACS sorting 
'jsing isotype-specific monoclonal antibodies. 

under these conditions, B lymphocytes feom normal indivi- 
duals can be used to generate clones secreting human monoclonal 
antibodies of selected antigen specificity. 
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DESCRIPTION OF THE FIGURES 

Figure I snows FAGS analysis and sorrir.g cf r.u.T.ar- 3 
lymphocytes reacting with biotinylated human thyroglobulin ( A ) , 
and tetanus toxoid ( B ) . Panel C C ) shows FACS analysis of 
5 EBV-transformed cells (from a clone of the invention) incubated 
with biotinylated thyroglobniin and FITC-avidin , or with FITC- 
avidin alone. 

Figure 2 shows detection of thyroglobuHn or tetanus toxoid 
binding antibodies in fluids from miorocultures containing selected 
10 B lymphocytes infected with EBV, 

Figure 3 shows the FACS analysis and sorting of human 
peripheral blood B lymphocytes based on heavy chain isotypes. 
The solid lines in panels A, D and G represent B cells reacted 
v/ith FIT C -goat F { ab ' ) ^ fragment to human heavy chains IgG , 
15 IgA- and IgM, respectively. 

Figure 4 shows the antibodies produced by isotype- selected. 
B lymphocytes. Each dot represents the concentration of antibody 
(expressed as absorbance at 492 nm) in the culture fluid from 
a single mioroculture well. 

20 Figure 5 shows antibodies produced from human Leu-1* 

B lymphocytes, 

SPECIFIC DESCRIPTION OF THE INVENTION 

The method of preparing the human monoclonal antibodies 
generally comprises the following steps: 

25 a) isQij^^ng hximan B lymphocytes of defined specifi- 

city . One skillad in the art wiH recognize that there are 
several procedures designed to ioslate particular B lymphocytes . 
One method included within the scope of the present invention 
involves incubating labeled or unlabeled purified antigens with 

30 human peripheral blood B lymphocytes. Another method » dis- 
closed below , involves isolating B lymphocyte isotypes using 
monoclonal antibodies w hich s peci£ically bind to the desired 
isotype. 
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The antigens are pur±fi£d according to well known tech- 
niques and -arv according to the enti.cen used (both foreign 
antigens and autoantigens can be used on the present invention). 
Two methods - for tetanus toxoid and thyrogiobulon - are 
5 shown in the Examples, 

The purified antigen may then be labeled. Labeling anti- 
gens is also well known by practitioners in the art. One such 
labeling procedure uses biotin or a biotin compound, a low 
mol^cul^ weight marker which provides reproducible labeling, 
10 but does not alter the antigen's binding capacity. One of the 
benefits of the present invention is that biotinyl^tion of even 
small peptides does not usually interfere with the binding capa- 
caity of the antigen, due to the relatively small si^e of the 
biotin molecule (approximately 341 daltons). Those skilled 
15 in the art will recognise that other labeling prxx:edures may 
be used in the prartioe of this invention, these procedures 
are included within the scope of the present invention. 

Another method of isolating B lymphocytes of the desixed 
specificity i^ by using unlabeled antigens and the identifying 
20 and isolating of the desired B lymphocytes by the limiting 
dilution method . 

The B-lymphocytes are purified from peripheral blood 
of healthy human donors. Those skilled in the art will recognize 
that many methods exist for purifying B-lymphocytes. One 
25 method involves placing blood from heallhy human donor on 
a gradient medium for separating lymphocytes. Monocytes are 
removed from other mononuclear cells by two cycles of incubation 
at 37-C in plastic ISO-cm^ tissue culture flasks, and/or by 
incubation with iron oarbonyl particles and subsequent removal 
30 of iron-loaded monocytes by a magnet. This mononuclear fraction 
is then incubated in ice with AET ( 2-aminoethylisothioroniiim 
bromide hydrobromide) -treated sheeV red blood cells (SRBC) 
to allow for rosette formation. Non-erythrocyte (E) rosette- 
fcrming cells were recovered after application of the whole 
35 SRBC mononuclear fraction to a lymphocyte-separating medium 
gradient. This non-adherent non-E resetting fraction contained 
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at Least 50% B ceUs , less than 1% monocytes, and variable amounts 
of IvmphocjTSS witn the nanirai '-d-Ilsr (NK- phsnctype. As 
defined in the present invention, this non-E rosetting B-enriched 
lymphocyte fraction is referred to as B lymphocytes or B-cells. 

5 Those skilled in the art will recognize that many methods 

exist for incubating an antigen with a B-lymphocyte. One such 
method is disclosed in the Examples . 

b ) Sf^lectinq the lymphocytes to which- the antigens 
bind by fluQrgscence-activated cell sorting ( FAC5] . Positively- 
10 selected (high fluorescence) cells are immortalized by, in the 
preferred embodiment, transformation with Epstein-Barr Virus 
(EBV), and grown in microculture wells. 

The selection process preferred in the present invention 

takes advantage of the extraordinarily high binding affinity 

15 of avidin for biotin. Human B cells incubated with biotanylated 

antigen as noted above, are washed and then reacted with £Luores- 

-9 

cein isothiocyanate ( FITC) -avidin (1.56 x 10 M). After washing 
with bovine serum albumin, cpIIs are resuspended at a density 
of 10^ cpIIs per milliliter in medium and applied to a Becton 
20 and Dickinson 440 FACS with an Argon 466 laser. 

Approximately 7% of the cells incubated with biotinylated 
antigen and FITC-avidin display a higher degree of fluorescence 
than a control (B-cells incubated with FITC-avidin alone). 
The lymphocytes which bound the biotinylated antigen are sorted, 
25 with the positive fraction (high fluorescence) and a negative 
fraction (low fluorescence intensity] separated for transformation 
with EBV. 

5 X 10^ B cells from each fraction are infected with 
about 5 X 10^ transforming units of EBV and then distributed 

30 in miorocultures • EBV used to infect the B cells can be obtained 
from culture fluids of 895-8 marmoset lymphoma cells incubated 
at 37'C in the presence of 1-62 x 10~® M 4-phorboi 12b-myr2State 
13a-acetate ( TPA, Sigma) , This virus preparatdon has a titer 
of 5 X 10^ transforming units per miUilLter, one unit being 

35 the minimum amount 6f virus capable of transfiarming 10 purified- 
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human 3 celLs . 

c ; Culturrng posxrLvely-selected £3 V- transform ed 
cpi 1 <; , and cloning them in limiting dilution . The culturing 
and cloning procedures are well known to practitianers in the 
• 5 art; the techniques described below are illustrative, and are 

not intended to limit the scope of the invention thereby. 

The pcsitively-selecred EBV-transformed ceLLs are resuspen- 

ded and distributed at 4000 cells per well into a 96- well U- 

4 

bottom culture pJlate containing 5 x 10 irradiated {2500 rads ) 
10 syngeneic human peripheral bliood mononuclear cells as a feeder 
layer- After about 18 days of incubation, culture fluids are 
harvested and assessed for antibody content. As shown in the 
Examples , ■=^11 of the wells from the positively sorted fraction 
produced high concentrations of antibody. These cells were 
13 cloned in limiting dilntions at ten , five , two , and one cells 
per well in the presence of an allogen'injo -irradiated feeder layer. 
Cell lines generated after three cloning steps produced amounts 
of antibody ranging from 62-12000 ngeq/mi- ' These antibody- 
producing clones were stable for a num ber of months . Repeated 
20 cloning of the cells helped to maintain antigen-s pecific antibody 
production. Fusing the cells with non-secreting human cell 

line also increases the stability of the clone , See Example 
6. 

Most of the clones produced antibodies of the IgM class , 
25 an expected result since IgM-bearing B ceils constitute the major- 
ity (>95%) of the circulating B lymphocytes in normal subjects. 
As noted in the- Examples, however, clones producing IgG anti- 
bodies were generated from blood of patients with Hashimoto's 
thyroiditis ( Table 1 ) , and clones producing IgG antibodies to 
3 0 insulin and tetanus toxoid w ere generate d fro m p erip heral b lood 
of patients with Type I (insulin defijciant) diabetes and subjects 
, recently immunized with TT, respectively. The IgM-producing 

clones ( from non-immunized subjects ) seem to represent silant , 
most likely virgin , B cells present in the normal circulating 
35 lymphoid pool; these silent cells can then be activated by 
in vitro in EBV. In contrast, the IgG-producing B cells feom 
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patients with autoimmxme thyroiditis or the IgG-producing 3 
calls frcm patianrs recar.tly ^^accinated -vith tstanus tcxcic ^rcc- 
abiy represent actively secreting IgG B cells , memory 3 cells 
present in the peripheral circulation, or both. 

5 In addition, the process of the present invention has 

been used to produce B cells making IgG and IgA antibodies. 
As noted above, y, ce , or y heavy chains are also expressed 
on the surface of B lymphocytes. These cells, B cell isotypes, 
can be isolated using isotype-specific monoclonal antibodies . 

10 B cells, isolated from peripheral blood as noted above, are 
reacted with ( FIT C) -goat F{ab' )2 fragments to human IgG C y 
heavy chain ) , or IgA ( a heavy chain ) , or to IgM ( u heavy 
chain). The B cells thus labeled with an isotype-specifi^ mono- 
clonal antibody, are then washed and separately applied to 

15 the FACS sorter , as described above . B lym p hocytes bearing 
surface y . a , or u heavy chains are thus isolated for EBV 
transformation, culturing and cloning as described in sections 
"b" and "c" above. See Example 6. 

d) Recovering, human monorlnnal antibodiRS which 
20 specifir-ally bind to a predetermined antigen . The antibodies 
produced by the process of this invention can be recovered 
( and concentrated and purified ) using standard techniques , e.g. 
physical-chemical methods. The antibcdiBS are homogenous 
and are highly specific to the target antigen. 

25 As has been noted above, the human monoclonal antibodies 

of the present invention are useful in the therapeutic treatment 
of viral infectaons, bacterial diseases, tumors and immune modu- 
lations, thus eliminating possible foreign reaction response (as 
is evident in these same therapeutic protocols using murine 

30 monoclonal antibodies]. These uses are well known to the prac- 
titioner in the art ( see , for example , the Koprowski patents 
— 4,172,124? 4,196,265; and 4,349,528), The human monorlonal 
antibodies of the present invention may be substituted for murine 
monoclonal antibodies. 
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The human monociiDnal antibodiss of the present invention 
are also useful diagnostic reagents : similar to murine or 

other animal-generated reagents ) in , for example , ELISA assays , 
PET assays, and STEM (Scanning Transmission Electron Mioroscopy) 
assays. Examples of such use are shown in Burchiei, et al. 
(Patent No. 4,311.688) and Carlsson, et al. (Pat. No. 4,232,119). 

EXAMPLES 

Example I . The binding capacity of biotinylated ligands 
to B cells was investigated. The B lymphocytes were purified 
as disclosed in the Specific Disclosure, Human thyroglDbulin 
( Tg ) was used as the antigen . and isolated from normal thyroid 
tissue obtained at autopsy ( Roman, et al. , Clin. Chem. , 30:246 
(1984)). Tissue was homogenized in phosphate-buffered saline 
(PBS, pH 7.2) and centrifuged at 100,000 and the supernatant 
was applied to a Sephadex G-200 column ( Pharmacia) . The 
Tg was purified to homogeneity by application of the first eluted 
peak to a Sepharose 6B column (Pharmacia). Tg was stored 
in aliquots at -70* C. Tg was labeled with n-hydroxysuccini- 
midobiDtin (Sigma) in 0.1 M carbonate buffer, pH 8.5, at a 
protein-to-biotin ratio of 4:1, followed by exhaustive dialysis 
agaixist PBS. 

Human B cells were incubated with biotinylated Tg, and 
after being washed, they were reacted with fluorescein-isothio- 
cyanate ( FTTO-avidin. This involved incubating approximately 
2 X lo"^ B cells (5 x 10^ per milliliter) for two hours in ice 
chilled sterile Hank ' s balanced salt solution with Ca and 
Mg^* , without p henol red , and wiih 1% bovine serum albumin 
( BSA-HBSS ) containing biotinylated Tg ( 4 . 50 x 10 M ) . The 
ceUs were washed with cold BSA-HBSS and then allowed to react 
with FITC-avidin (1.56 x 10*"^ M) in cold BSA-HBSS for one 
hour. A smalLar sample of B cells (10^) was simultaneously 
incubated with BSA-HBSS devoid of biotinylated Tg and allowed 
to react with FITC-avidin under similar conditions. After further 
washing with cold BSA-HBSS, ceUs from both samples were resus- 
pended at a density of .10^ per milliliter in the same medium 
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and at di£f ersnt tlm es ap p lied to a E ecton and Dickinson 440 
? A C S w xch Argon 466 l£S er . A p p ro xim ately 1^- of cr. e - ?^ ' l 
incubated with biotinyiated Tg and FTTC-avidin displayed a 
higher degree of fluorescence than their counterparts incubated 
5 with FTTC-avidin alone. See Figure lA. 

The lymphocytes that bound to the biotinyiated Tg were 

then isolated . Cells were sorted , and the positive SractiDn 

and negative fraction were collected and transformed with Epstein- 
Barr Virus, as described in the Specific Disclosure. 

10 The positively-selected EBV-transformed cells were then 

resuspended and distributed at 4000 cells per well into a 96- 

4 

well U-bottom culture plate containing 5 x 10 irradiated ( 2500 
rads ) syngeneic human peripheral blood mononuclear cells as 
a feeder layer. After about 18 days of incubation, culture 

15 Quids are harvested and assessed for antibody content. All 
48 wells from the positively sorted fraction produced high concen- 
trations of antibody to Tg (95 to 200 ngeq/ml). See Figure 
2A and Table 1 . In contrast , only 1 of 48 wells from the nega- 
tively sorted fraction produced any detectable antibody {> 10 

20 ngeq / ml ) . £x periments with ly m p hocytes from three healthy 
donors yielded similar results. All of the antibodies that reacted 
with Tg were of the immunoglobulin M (IgG) class. 
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Example 2 . To show that the method of the present 
invention appLi^able to other =ntigsns, peripheral blood frorn 
healthy donors who had not recently receiLved a booster dose 
of tetanus toxoid (TT) was obtained from the Commonwealth 
of Massachusetts (Dept. of Health, Boston, MA) and fractionated 
to homogeneity by gel filtration on a Sephadex G-150 column 
(Pharmacia). The B lymphocytes from these donors were incu- 
bated with biotinyl^ted TT and subsequently with FTTC-avidin, 
and fijiaUy appli£id to FACS. Approximately 8% of the celli 
displayed a higher degree of fluorescence than their counterparts 
incubated with FITC-avidin alone. See Figure IB. The cells 
were then sorted and the positive and negative fractions were 
transformed with EBV and distributed in culture with feeder 
layers. After 18 days of incubation, the culture auids were 
15 harvested and analyzed for antibody to TT. AU 45 wells from 
the positively sorted fraction produced high concentrations of 
antibody to TT (100 to 1800 ngeq/ml), whereas only 3 of 
48 wells from the negatively sorted fraction produced any detec- 
table antibody (> 10 ngeq/ml) . See Figure 2B. AH of these 
20 antibodies to TT were of the IgM class. 

Example 3. To show that antigen-selected, EBV- transformed 
cell lines actually secrete human monoclonal antibodies, Tg-binding 
B cells were chosen as exemplary of the present invention. 
Positively selficted-EBV transformed cells of Example 1 were 
cloned in limiting dilntiDns at ten, filve, two, and one call 
per weU in the presence of an allogeneic-irradiated feeder layer. 
Over a period of 4 months, 14 clones ware derived from three 
sequential clonings at different numbers of cells per well (Table 
D- Cell lines generated after three cloning steps produced 
amounts of Tg antibody ranging from 62 to 1200 ngeq/ml. AH 
were IgM antibodies with k Ught chains. The flow cytometry 
proaie of one of the expanded ceU clones (clone P16 2A1.3) 
suggested that virtually alL ceUs bound Tg (Figure IC), compared 
with the initial uncloned cell population (Figure lA), 



25 



30 
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Example 4 . Specific mouse monoclonal antibodies to Leu- 
I { CDS ) and to human 3 lymphocytes were used in double fluo- 
rescence flow cytometry assays to identify and isolate Leu- 1 ^ 
B lymphocytes in peripheral blood and spleens from healthy 
5 human subjects. 

A mononuclear cell fractdon enriched in B cells was purified 
from human peripheral blood by centrifugatian through a lympho- 
cyte-separating medium ( commercially available from Bionetics , 
Rockville , M D ) . Monocytes were removed from mononuclear 

10 cells by incubation with carbonyl iron partixrles, and the iron- 
loaded monocytes were subsequently removed using a magnet. 
The mononuclear cells were depleted of T cells by incubation 
{ in ice ) with { 2-aminoethyi-isothioroniiim bromide hydrobromide ) - 
treated sheep red blood cells (AET-SRBC). The non-SRBC rosette- 

15 forming cells consisted of at least 50% B cells , some residual 
monocytes and T cells, and a variable number of lymphocytes 
with the NK phenotype. This non-SRBC resetting, enriched 
B lymphocyte fraction is referred to in this Example as B cells. 

The 3 cells were treated with phycoerythrin-conjugated 

20 mouse monoclonal antibody ( PE-mAB , IgG2a) to Bi ( CD20 , a B 

cell marker) and biotin-labeled mAB ( biot-mAB , IgG2a) to Leu- 

1 . The cells were washed , incubated with FTTC-avidin, washed 

again, and analyzed by FACS for the presence of B lymphocytes 

bearing the Leu-1 marker, separating the 3 lymphocytes into 

25 Leu-1* and Leu-1~ B lymphocytes were then transformed into 

Ig-secreting cells by infection with EB V , The EBV used in 

this Example was obtained feom a culture fluid of B95-8 marmoset 

lymphoma cells - This virus preparation had a titer of 5 x 

10^ transforming units per milliliter, one transforming unit being 

4 

30 the minimal amount of virus-producing transformatiDn of 10 
purified hiiman B cells . The positive-selected EBV-transformed 
ceUs were then grown as shown in Example 1. 

For the production of human monoclonal antibodies , micro- 
culture plates were seeded with the EBV-infected cells at various 
35 doses and in the presence of irradiated feeder layers ( see 

Table 2)* After 4 weeks of culture, fluids were tested for 
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10 



anubody activity. Enzyme-linked immunosorbent assays were 
csea ror the titration of antiboc.^ to the cur-zisa trag^e^- 
of human IgG, ssDNA (single-stranded 3NA), or tetanus toxoid 
(TT). Culture fluids from the EBV-transformed ceil^ were added 
to the various antigen-coated plates and incubated for 2 hours 
at room temperature. After the plates were washed with phos- 
phate-buffered saline-Tween-20 (0.05%), peroxidase-conjugated 
af&nxty-purified goat F(ab')2 fragment to human IgA, IgD IgM 
or IgG was added to different plates allowed to react for 2 
hours at room temperature. After further washing, bound enzyme- 
l^ked probes were detected by using orthophenylenediamine 
and HjOj as substrate. The results are shown in Figure 5 
where each dot represents the concentration of antibody (expres- 
sed as absorbance at 492 nm ) in the culture auid of a single 
15 microculture well. Approximately 100 micrcculture wells were 
assayed in each column. Table 2 shows that antibodies from 
each of the major isotypes was produced. 

This methodology aUows for the identification and segre- 
gation of discrete human B cell subsets for the first time 
20 The B cells composing this subset (Leu-l*) produce antibodies 
with Characteristic binding specificities, simile to those reported 
fer the "natural" antibodies and for certain autoahtibodies . 
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Exam pie 5 . B lymphcscytes were separated from peri- 
pheral bliDcd cf healtny individuals as described in Example 
1. The B cells were then reacted with FTTC-goat F(ab' frag- 
ment to human IgG ( y heavy chain ) , IgA ( a heavy chain ) , or 

5 to IgM ( u heavy chain). After washing, the B cells were sep- 
arately applied to a FACS sorter for analysis. As shown in 
Figure 3, approximately 3.5%, 3.0%, and 60% of lymphocytes 
reacted with FITC-goat Ftab')^ fi'agment to Y, a , or U heavy 
chains, respectively. B lymphocytes bearing these surface 

10 Y . cr r or u heavy chains were then isolated by sorting, infected 
with EBV, and distributed by limiting dilution into 96 well 
plates containing 10^ irradiated syngeneic or allogeneic peripheral 
blood mononuclear cells as feeders. After 4 weeks in culture, 
supernatant fluids were analyzed for their Ig content by ELISSA 

15 assay. Isotype sp lection resulted in marked enrichment of the 
preselected population — close to 99% of the cells selected 
for y, a, or u heavy chains made IgG, IgA or IgM, respectively. 

The supematants from the isotype selected EBV- trans formed 
B lymphocyte cultures were tlien tested for antibodies using 
20 ELISSA plates coated with purified human thryoglobulin (Tg) , 
recombinant human insulin (Ins), or purified tetanus toxoid 
(TT). Figures 3 and 4 show that the isotype selection procedure 
and transformatian with EBV resilLted in the production of IgG, 
IgA and IgM antibodies to Tg, Ins, and TT* 

25 Example 6 . The EBV-transformed B lymphocytes producing 

IgG , IgA or IgM antibodies { from Example 5 ) were fused with 
cells of a fusion partner, in order to stabilize the cell line. 
One stach fusion partner is described in Pollack, et al. , J. 
Clin. Invest. , 1987 (in press) and Larxick, et al. , "Human 

30 Hybridomas and Monoclonal Antibodies", Plenum Press, NY, pp. 
149-165 (1985). Other fusion psurtners are known to those skilled 
in the art- 

In this Example, EBV-transformed B cells ( 2 x 10^ ) were 
fused with the above-mentioned fusion partner ( 2 x 10^ ) in 
35 serum-free R PMI in the presence of 40% polyethyleneglycol 
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( 4 , 000 M . W . ) . After fusion , cells were distributed at 2 x 

10^ ceils per well in 96 well plates and cultured in 3p lection 

-4 -6 
media (FBS-RPMI containing 10 M hypoxanthine , 6 x 10 M 

azasenne, and 10~ M aubain). Oubain and azaserine were used 
5 to select against unfused parental E3V-transformed B lympho- 
cytes and HGPRT deficient human-mouse heteromyeljma cells, 
respectively. Growth of the human-human-mouse hybrids was 
generally observed after two weeks. Table 3 shows several 
cell Unes making antibody of the IgG, IgA and IgM class to 
IC Tg, Ins, and TT. These clones produced 5-20 ug/ml of IgG, 
10-40 ug/ml IgA, and 5-160 ug/ml IgM. Many clones have been 
expanded in ciHture for up to six months without alteration 
in their rate of growth or im munoglobulin secretion . Over 40 
antibody-producing clones have now been constructed. 
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TABLE 3 



Human MonocJjonai Amiibodijes Produced by Sequenta^ily 
Cloned S Lymphocytes Which Had Been Selected For 
Surface Qt r or u Heavy Chains, Transformed 
With EBV and Fused With F3B6-iA Heteromyeioma 



ImmunoglDbulin Class 
and Antibody Binding 
Activity ( 1 ) 



igG (k) 
igM (k) 
igM (k) 



Insulin 



IgG (X) 
IgG (k) 

IgM (a ) 
IgM (X ) 

Tetanus Toxoid 



IgG 
IgM 



{ ) 



Clone 



P 77.3,3-Fl 
P172.2.1-F7 
P 57.2. 7-F3 



P 66.11.2-F2 
? 32.10-Fl 
P 86.2,1.1-F18 
P 65.1.1-Fl 



P 66.11.2-F5 
P142.3-F3-F5 



Antibody 
Produced 
(ug/ml) (2 ) 



20.0 
20.0 
160.0 



16.0 
20.0 
160. 0 
80.0 



5.0 
140.0 



i I ) Clones were obtained following four sequential subculturing 
steps at 0.5 cell/ well- After the first, second, third and 
fourth cloning, antibody of the selected specificity was found 
in 7, 51, 96 and 100%, respectively of the microculture wells. 

(2) Amount of antobody produced within 48 hours to Tg, Ins, 
and TT in cultures containing 2 to 6 x 10* EBV transformed 
hybrid cells. 
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While the preferred embodiments of this invention have 
been aisclcsed aocve, tr.ose skilled In the arc will i-ecoqnize 
thar nodifications may be made without altering the spirit and 
scope of the inventijon. 



- 22 - 



WHAT IS CLAIMED IS: 



1. A method of producing an antibody to a particular 
antigenic determinant comprising: 

a) incubating a purified antigen with human B lympho- 

5 cyte; 

b ) isolating a B lymphocyte to which said antigen 

binds; 

c ) infecting the B Lymphocyte isolated in step "b " 
with Epstein-Barr Virus to form an immortalized cell; 

10 d) culturing said immortalized cell in cell culture 

media; and 

e) recovering said antibody from said culture media. 

2 . The method of Claim 1 wherein said purified antigen 
is a human monoclonal antibody. 

15 3. The process of Claim 1 wherein said antigen is 

thyroglobulin , tetanus toxoid, insulin or B-gaiactosxdase. 



4 . A process for the productoon of clones v/hijch produce 
antibodies to a particular antigen comprising; 



a) obtaining human B lymphocytes capable of binding 
2D to said antigen and infecting said lymphocytes with Epstein- 
Barr Vinis to form an immortalized cell line; 

b ) cloning cells from said cell line in limiting 
dilutions r and 

c ) recovering cloned cells from step " b " which 
25 produce antibodies which specdfically bind to said antigen. 

5 . The process of Claim 4 wherein said antigen is 
biotinylated . 



6. The process of Claim 4 wherein said antigen is 
thyroglobulin, tetanus toxoid, insulin or B-galactosidase. 
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7 . The proces s of Claim 4 w herein s aid antigen is 
= human moncckinai ^.tibcdv. 

y/ 3- A method for producing human monoclonal antibodies 

'V' " - ■ 

■ "icomprismg; 

5 isolating human 3 lymphocytes of a desired specificity,- 

immortalizing s aid B ly m phocytes under conditions 
which wHl promote extended growth and survival of said B 
lymphocytes, said immortalizing produces an immortalized cell 
line; 

]_0 and isolating human antibodies produced by said 

immortalized cell line. 

9. The method of Claim 8 wherein said B lymphocyte 
is obtained from the normal human repetoire of B lymphocytes - 

10 . The method of Claim 8 wherein said B lymphocyte 
15 is obtained from humans actively im munized with a foreign antigen 

or afflicted with a particular disease. 

11, The method of Claim 8 wherein said B lymphocyte 
exhibits a Leu-1* marker. 

12, The method of Claim 8 wherein said human B lympho- 
20 cyte of a desired specificity is produced by incubating an antigen 

with human B lymphoctyes isolated from human peripheral blDod. 

13. The method of Claim 8 wherein said human B lympho- 
cyte of a desired specificity are B lymphocyte isotypes, and 
axe isolated by incubating B lymphocytes with isotype-s pe ri fi r 

25 antibody probes. 

14, The method of Claim 8 wherein said ijnmortalizing 
step comprises incubating said B lymphocyte with a transforming 
amount of Epstein-Barr Virus. 
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15. The method of Claim 3 wherein additionaiiy said 
imCiOrtalized ceil line is cultured and cloned . 

16. The method of Claim 12 wherein human fnonoclonai 
antibodies are produced from said B lymphocyte of a desired 
speciEicity, and said monoclonal antibodies specifically bind 
tn said antigen . 

17. The method of Claim 13 wherein human monoclonal 
antibodies are produced which speciEically bind to said B lympho- 
cyte isotype. 

18. A composition of matter comprising human monoclonal 
antibodies produced by the process of Claim 4 , and media there- 
fore. 

19. A com position of matter com p rising human monoclonal 
antibodies produced by the process of Claim 8, and media there- 
fore. 

20 . A composition of matter comprising human monoclonal 
antibody produced by the process of Claim 11, and media there- 
fore. 
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